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Rate coslicients for production of sabilized dimeric parenl catione a1 295 K have been determined in CHil,
Csl, CHul Ty mixiwes, CeHELl, CHCDy], CORCH,], and CyD,]. Thewe prcesses are the mosl mapsd mported
for eweocialion resctions, the varouws individoal values falling within the louita 0.33 * 10°™ (CHyl) and I0.1 ®

L™ ong® madeculs™® see~? iCyHT. The iespetwiure

CIn] was alao messared over the range 220 = 310320 £ 1
process, The difercnces sbserved for the vaously labellsd nnnhfura are interpreted m ienme of
vibrational level {enengy) dapression upon deuteration, which affacts the intringic Jite

slabdlization

nee of the slabilieation coefluients in CHyl and
. 85 well aa the eMiciencies of other third bodies in the

lime of the collison complex.
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1. Intreduction

Several years ago [1]' we reporied a study of parent dimer
cation formation in the methyl halides using hi ressure
pholvionization mass spectrometry, which amr.han‘:l.ecllJ eaclier
work by Hamill and co~workers [2-9] coneemed with associ-
ation ion producticn in the cthyl and propyl bromides ond
iodides, The common charactenistic of these systems 15 the
high overall efficiency for the third order procesa

AT+ 2A = (A} + A n
where A* denotes the parent molecular ion. More recently [3]
we completed an investigation of dimer formation in low
molecolar weight arematic hydrwearbons it which we found
that prodiwction of {CaDe)F in Cgly was a factor of 2.7 times
faster than (CyH M formation in CaHy sl 295 K. In view of
thiz pronounced isotope effect, we initiated a new photoioni-
zation study involving rhe methyl and ethyl iodides emphasiz-
ing the effcet of isotgpic substitution on the rate coefficient
for ens 1. These moleculen were considered to be idesl
syslems for delailing some of the general faciors influencing
stabilization of ion-molecule complexes since =90 percent of
ihe parent jons produced initially via photoionization are in v
= ) of the ground elecimnbic stale J6] {intemal energy effecis
ate minimal), the variously labelled deuterinm analopues are
readily available, and the room temperature stalbilization
coefficienta are sufficiently high w» permit experiments at
reduced collision frequencies under controlled conditions.

2. Experimental Procedure

The NBS high pressure photoionization mass spectromeler
equipped wiih a field-free reaction chamber was used jor all
experiments. Ionjzation of methyl iodide (P, 7E,;; = 9.54
¥} and ethyl iedide (LL.P. *E ;3 = 9.34 ¥V, LP. *E5 = 9.92
¥} [7] was induced vie pholoabsarption al 125.6 nm {10.0

™ This werk wos pariislly suppocsed by ERDA.
1 Fugures i bracbess eeicabe ihe lHeraiuee referemcers o the ond of hie paper,

«¥) using a Kr regonance lamp equipped with MEF; oplics,
Messurements other than those ar 295 K were taken with a
vaurjuble Lemperature modilication deseribed elsewhere [8].

3. Results
1.1, Genevdl Behavier

Typical eomposite spectra found for methyl and ethyl
ipdides 25 8 funchion of pressute are given in figure 1 for CDyl
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FicuRe 1. Compoaite specirg adained in phoioionized Chyl ard Cilh] as
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267




amd Cglhl. In =very system the competing redctions

k
R[* + RI = (RI*

b
followed by
(RLF —Rel* + 1 {3)
oF
(RI}¥* + RI —{RI}¥ + RI {4)

where RI = methyl or ethyl indide, were observed. Process 2
tnvolves himolecular formation of & tranzient collision com-
plex {RI}*, which either dissociates 1o reform reactants or
elimninates an iodie atom (process 3) el lower densities. At
higher deneities collisional slabilization (process 4) is facil-
lated, us indicated in fgure 1 by the rapid formation of
(CIIH and (€Dl and the concurment decrease in the
relalive fractional yields of the respective dialkyliodium fone.

2.2, Reoctlan Rates

Rale coeflicients for process 3 at 295 K were derived from
the initial slopes of the growth curves found for R;1* when the
respective fractional yields were plotled in semilogarithmic
form versus R] concenteation. Besidence times (73] for var-
ious R1* jons at the zero pressure limil were approximated by
first evalualing average T's for several ione of differing m/fe
ratios at 285 K under mwolecular flaw conditions {=01-2
millitorrF using calibration reactions [9] end essuming the
ususl (massp® dependence for relative 775, Calibration reac-
tions included { — G HE + CH3NH; = CHNUT (& = 1.20
=015 % 1M CHY +i—CHyy—+ CH (k= 4.2 +
0.2 X 109, C,HE + CsHy = products (& = 8.0 £ 0.5 %
107", and NHY + NHy; = NH} ik = 1.9 = 0.2 x 107",
Third order stabilization coeflicients (process 4) were caleus
tated from the initial slopes of the logarithm® of the fractional
inlensities of (K1)} versus {concenirstione) using the same

] g = 120,32 M-,
* Mimekernler unit mre om! welecule " a7t

reqpective 75 for the varous RI* jons. Residence times at
ather lemperatures were caleulaled by applying the appropri-
ale velocily codyeelinbe.

3.3. Mathyl lodides

Rate coefiicientz for production of dialkylicdium jons in
CH,l, CI,L, and CHy— DT {1:1) mixiures a1 295 K are
given it lable 1, along with values for CHyT and CDy] at 220
* # ond 3200 £ | K. Within the indicated reproducibitiry
limits, the coefficients for {(CHykel™ formation in ©H3l and
(CDs)el™ in £yl were invariant at 2.4 = 0.1 and 2.25 £ 0.1
® 107! reapectively, over this temopemmlure range. The
overall] 205 K coefficient for production of {CXzRkl* in
CHal —CDI (1:1) mixtures was found to be 2.3 = 0.2 X
107 Y, Producta indicating jselopic scrambling such as
ICHDNCHgI*, {CDyHNCHg)T, ete. , were not abzerved; Lhe
only second onder producls  delected were (CHyLl™,
{CHabCD, and (CDel*, with an essentially statistical
disiribution (0. 26:0, 3060, 24,

In contrast 10 the near equivaleney of the halogen eliming-
tict rates, substantial isctope =flecte were found in thee thard
order coetficients {or callinonal stabilization of {CX104* (X
= H or [H. Data for CHel, CDsl, and CHzI—CIKI (1:1)
mixtures are shown in figure 2, which gives the appropriate
{CX,IFNCX, LIt ratics versuz CXI concentration. Relative
slahilization eflictencies are given Ly the slope ratios afier
correction for the slight differences fournd in the production
rates for (CXalI®, and wete delermined 10 be 1.0, 1.8(3).
and Z.B(0) in CHzl—CDyl (1:1), and CD3l respectively.
Absolute values, as well a= those determined 51 220 + 3 and
320 £ ! K in CHyl and CDyl, are lisied in lable 1. The
inntopic compasilions of the (CXy1)d dimer ions formed in a
1:1) CHzl — CDl mixture as & function of concentration and
percent reaction of CXgl™ are given in figure 3. Again no
evidence was found for hydrogen-scrambled species such as
{CHDHCDy)E, eten; ie., the methyl groups retain their
isplopic integrily during stabilizstion.

A number of messurements were aleo taken to estimate the
stakilization efficiencies for other thind hedies r=lative to
methyl iodide itself. These results, which were obtained in
mixiures containing =5 petcetil CHal or CH5l in the bulk
additive, are shown in figure 4. Approximate relative values
in CHyl were derived from the addilive concentration at
which the intensity of (CH3I}d was equal o that for {CH5)kI*.

Tamie 1. Kate cocfficienia fir seved and thind order reueens in mietho] amd etfd dodide
Symlem Temp. (K] E[RLI** TRyt Relative K{R1) "

CH:l 205 =] EAT =12 L 033 < o 1.0
CH,l 0 + 3 246 & 0.25 x 101 045 ¥ 10 1.0
CH,l A =1 237 =005 X o 0.8 % 1™ LG
£yl 05 £ 1 225 x 005 = 10710 004 ¥ 1Y T8
Ll 20 =3 24 *= 12 X 7 1.26 = 1™ 28
18] 320 x 1 216 x 0.12 = 1040 0.67 »x 10 ™M T8
LH,l-COyl i1:1) 05 + 1 23 £ x 10 06l w10 1.8

1Hal 905 + 1 20 *01 X 101 41 x 1™ 1.0
CHy Dyl 205 & 1 ZOo =01 x oM 53 2 0™ 1.28
CDyCH.L 251 20 =01 x ™ T4 A ™ LT
Calhil 205 * ] 20 01 X ! Ml = 10T R 1Y
CoH, ;|5 £ 1 0,194 ¥ e 1.0
Cally MEx ] 0526 = 100 o |

L Undis are om? mobecyle~1 =71,

¥ Units are cn® wolesnle? 570 4 Vailues inken from

® Relanive value wking k= 1.0 for unlabeled analgie a0 thad tempersiure.

[
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FicuRE 4. (EXDENCHal* ratio (X = H or D) cersus coreentranion of
added CH,, CDy, Xe, and 5F.

Taking 1.3 as the efficiency for CHal a8 M in the overall

reaclion
M
CXsl* + CXal — (CXaliE — (CHal) + M (3

(X = H or D) relative experimental valoes of 0.68 = 0.1,
o5 = 0.1, .31 = 0.03, 0.87 = 0,13 were obiained for
CHy, €Dy, Xe, and SFy respectively. Mixtures of Xe with
CDyl gave an efficiency for Xe of 0.30 £ 0.03 rvelalive to
CDyl = 1.0 in purs CO5l, The experimentally determined
efficiencies werz Lhen modified o take inta account the
differences in collision frequencies between [CXgIE* and
CX,1, CH,, =tc., which can be calculated directly [rom
Langevin [10] or ADMY theory [11]. After applying Lhe appro-
priate currsctions, the relative third-body efficiencies were
found o be CH; = 1.0, cHi = .37 = 4.1, ':D.q =055 &
0.1, Xe = 0,52 = 0.05, and SFg = 1.45 = 0.22 in CH;l.
Again, taking CDyl = 1.0, the relative value for Xe in CDyl
was determined 1o be 0.51 * .05, which is equivelent to
that derived far Xe in CH,l.

3.4, Ethyl lodicdes

Measuremenis in CaHal, CHyCDsl, CDRCHL, and CDgL
were taken ai 295 K only. The rate coefficients for production
of diethyliodium ions, [CaXgll®, were determined to be 2.0
x .15 X 107! for all analogues. Stahilization cates (proc-
ess 3] were again found 1o increase with increasing deulera-
tion in the oeder C;HGL = 1.0, CH,CDyI = 1,38, CIuCH.I =
1.79, and CsDa[ = 2.44. On an abaolule zcale, the third
otder coefficient for stabilization of (C;HGIE* was deter-
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mined to be 4.1 = 107, or a factor of 12 higher than that
vbserved in CHyl (see 1able 1)

Bicmolecular lormation of leng-lived dimerie ions was also
direcily detected in the ethyl iodides. Figure 5, which gives
plote of {CGIENC X1 versus concentration, indicates
non-zero intercepls for all of the analogues, including GeH,l.
Observalion of Lhese sniities {:nrn:spnnds Lo Lifetimes for
detected [CoXpl)i* on the order of several milliseconds,
which is the 1otal traneit Llime in our apparatus for ions of
thege approximaie maseea. The plots also exhibit downward
cutvature at higher conversions (higher densilies}, which is
ascribed to formation of undetected Wrimeric ions having
masses beyond the operalional range of the quadrupole mass
filier used in 1these experiments (—mfe 400). Azeociation ions
such as [{C:Hykl - CoHAI]*, ete., which comrespond 1o solva-
tion of dialkylicdium ions, were not detecled in either the
ethy! or merhy! icdides ar pressures up 10 0. 1 vore, which was
the maximum in the present 2iudy.
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FRAURE 3. (CeX 3/ C X )l *ratio (X = H or [V a2 o function of the
exteni reactter of CpHal, CHaCIN], CDWCHLLL and CaDnl

4. Discussion

As expected [12] for association reactions, a negative
temperature coefficient was observed for the thivd onder
atabilizatiocn of {CX;0 in CH;l and CIu1 (eee table 1).
However, ihe variation with temperature does not yield a
straight line when kistab.) is plotted versus T for any
values of n from 0.1 to 5, altheugh unique fils of thie fomn
have been obtained for other systems. The lack of a unique
[unclional foom or prﬂfound lemperature effect in rnelhjrl
indide i aseribed 1o the fact that the stakilization coeflicients
are extremely high over the range atudied, sc thal ne subatan-

tial dependence would be anﬁcipalad excepl at much h]ghe'r
temperatures {other studies [12] have been restricted to asso-
ciation reactions having 300 K awabilization coefficients 2-5
orders of magnitude abower than those characteristic of the
alkyl jodides). [n addition, the ratios of the third order
vocficients in Chgl and CH,T 4l any tempermlure are constanl
ul 2.8, which would be expected since the physical factors
involved in the stabilization mechanism are presumably Lhe
sare for bolth analogucs.

Consideration of the relative stabilization efficiencies for
the Jabelled ethyl iodides (table 1) indicates that deuteration
un either the methyl or methylens carbon acilitates etabiliza-
tion [comparisan of CHyCDLL and CD,CHGE with CzHgl or
C:Dyl). Based on the relative values, aitempie were mada to
ecalculate the effect of [ substitulion on both carbone choos-
il‘lg various Lrial isnlupc rlecls el each site. However, nn
unique sell-consistent sel of relative or individeal coniribu-
tiens compatible with the experimental ratios could be com-
puter-generated due to the fact that all models predicied a
subatantially higher relative value for CHyCDyI (=15 percemt
higher, which was considered ourzide the poesible evor in
measurementl. The only common resull of all calculations
was thal subsiitution of [} for H on the methylene carbon has
a elightly lower effect {~ 10 percent) than exchanging a D for
an H ot the methyl groop.

Amaong all of the active vibrational fundamentals in Lhe
alky]l halides, the methyl deformution and the methylene
rocking modes (ethy] iodide), which lie substantislly lower in
energy than the C—H siretch, are the moat easily exciied.
The effect of deuteraion s to reduce the C—H siveiching,
CH, deformalion, and CHy tocking frequescies by a lactor of
={).3, while the C-1 strerching frequency remains essen-
tially unaffected [13]) The large differences chserved in the
third order stabilization coefficients for the varicusly labeled
irdides are therefore aseribed to a depyeseion of the deforma-
Ijl:ll'.l. ﬂ.l'.ld. IDC'l:inE frequencil.'.ﬁ- {Ehiﬂ to ]ﬂwcl’ :nzrsi.ﬂ M‘d
higher state densities) upon deuterium substilution. This
depression is manifested by an increased dissociative lifetime
for the unstable initial jon-molecule collision complex, as
evidenced by Lhe fact that the relalive yields of the birmolecu-
larly produced ethyl ipdide dimer iois which survived ion
transit {extrapolated zero conversion intercepis in figare 4}
alev appear to inerease with inereasing deuteration. The lack
of ieolopic scrambling alao indicates that both reacting part-
nerms retain their siructural integrily within the cxcited eolli-
sion complex, facilitating a favorable energy lovel malch
between ihe third body and the excited dimeric ion in the

halide ayatems. Thiz favorable condition would account
or the magnitude of the stabilization coefficients, which are
the highest recorded for thivd order agaociation reartions a
295 K.

Wiih respect to 1the measured siabilization efficiencies of
othet thind bodies relative 1o methyl ivdide iself, i1 i3 some-
what surprising that mathane and Xe exhibit the same rela-
bve value [~0.3) since X can only deactivate via vibrational
to iranslational energy conversion. Also, CHy and CDYy are
found w be equally effective even though ihere is a 30
percent deetrase in the vibrational Gequencies for CI)y rela-
tive 10 CHy, which should increase the probability for cnesgy
transfer. The low oversll efficiency found for methane may be
due either to the fac1 that the duration of the collision
between exciled dimeric jons and rethane ig lesz than the
dunition with Xe, 5F;, or CHyl {(based on relative veloeity
considerations}. or that the active vibmaiional frequencies in

270




the excited dimers are subsiantially lower than those associ-
ated with the mathane fusdamentals (= ~1000 em ™ ). Sullur
hexafluoride has both & high mass {146 a.m.u.} and several
very low-lying vibrational modes (<800 cm""] which ge-
counts for the obeervatien that it ie slighily more affective
than CHgl iteelf a3 & desrtivator for (CHilk.

in conclusion we would like o emphasize the inltiguing
facl that the swabilization sficiencies for CDaI, CaD,I, and
Cell; (see table 1) are sll 2.6 * 0.2 times higher than those
for the perprotonated analogues. Whether this equivalence is
fortuitons, is due to common physical propernty of the sxeited
dimer calicn in thege pardicular syslems, or is generally
characteristic of polyatomic omgamic ijan-molecule collision
complexes which have no highly exothermic or favorable

fragmentation channels, deserves furiber study.
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